Abstract. The effect of a synthetic chelating compound on the dry matter yield and the uptake of soil P, Al, 33-120 %. On the basis of the first two harvests the manganese absorption by the rye grass seemed to decrease probably due to the enormous accumulation of iron. The results also suggested that the addition of Na 2 -EDTA to the soil was not able essentially to affect the magnesium and calcium supply to the plants.
Introduction
Metal chelation reactions affect the mobility and availability of many soil elements and plant nutrients. They are of importance in numerous chemical, physical and biological processes in nature. In podsolization, for example, chelation plays an essential role in the development of the soil profile.
Synthetic chelates (e.g. salts of EDTA, EDDTA, DTPA) are used as micronutrient fertilizers to supply plants with iron, copper, zinc and manganese. In Finland EDTA (ethylenediaminetetraacetic acid) chelates are mainly used for this purpose. EDTA may find its way into the soil and surface waters also with industrial wastes, as it is quite commonly used for example as a stabilizer in manufactured products and as a component in various reaction mixtures.
Organic complexing agents arc capable of improving the availability of phosphorus in soils by preventing sorption or by mobilizing sorbed reserves. The aim of this study was to demonstrate the role of a synthetic chelating compound, Na 2 -EDTA, in the uptake of phosphorus by the shoots of rye grass. Furthermore, because chelation increases the mobility of many other plant nutrients as well as elements non essential or toxic to plants, the simultaneous accumulation of some metals and earth alkali metals in rye grass and their possible influence on yields were also studied. ofKOUTLER-ANDERSSON 1953) . In addition, the contents of manganese, magnesium and calcium in the first two yields were determined by an atomic absorption spectrofotometer.
Results
The dry matter yields are presented in Table 2 with 95 per cent confidence limits. The sandy clay soil pots being harvested only three times owing to poor growth, the total dry matter yields of this soil remained lower than those of the other experimental soils. The highest dry matter yields were produced by the silt soil (2). In all the soil samples the differences between the treatments were not statistically significant, but it was observed that the plant growth tended to be somewhat reduced in the pots irrigated with Na 2 -EDTA solution as compared to that in the pots irrigated with water.
In all the soil samples the treatments differed in the contents of various elements in the shoots. Because of this the amounts of elements taken up by the yields could vary markedly even though the dry matter yields were of the same magnitude. The Na 2 -EDTA treatment regularly tended to increase the content of phosphorus, aluminium and iron in the plants. It seemed to become more effective towards the end of the experiment: the contents in the fourth harvest were higher than those in the earlier ones.
The quantities of various elements taken up by the yields are shown in Table 3 with 9 5 per cent confidence limits. The addition of the chelating agent did not affect the phosphorus supply to plants in the soil sample 1. On the contrary, it intensified the phosphorus uptake in the soils 2 and 3 by 3 5 and 42 %, respectively. Thus, it is possible that the ineffectiveness of the Na 2 -EDTA treatment in the soil sample 1 was seeming and partly connected to the restricted growth of the rye grass.
The irrigation with Na 2 -EDTA increased the uptake of aluminium by 33-120 % and that of iron by 217-458 %. Even if two harvests only were analysed for manganese, magnesium and calcium, the results give some intimations of the were not, however, statistically significant.
In the sandy clay soil the Na 2 -EDTA treatment tended to promote the calcium uptake by the plants, but the result remained statistically uncertain. In the other experimental soils the calcium content of the first yield was not affected and that of the second one was even reduced. On the other hand, the chelating agent had increased the magnesium absorption in the first yields of all the soil samples. In the second harvest this promoting effect was found only in the silty clay soil which is exceptionally poor in exchangeable magnesium.
At the end of the test the soil samples were analysed for some characteristics in order to elucidate reactions induced by the chelating compound during the period of growth. A layer resembling the enrichment horizon of a podsol soil was found in the lower part of the soil profile in the pots irrigated with Na 2 -EDTA. This supports the observation made by CHENG et al. (1972) that EDTA is easily leached in soil.
The quartz sand added to the pots was found to have become mixed with the topmost soil layers, wherefore 4 cm of the uppermost soil layers were removed before the soil material was ground for the analyses.
The soil pH (CaCl 2 ) in the pots irrigated with water had risen by 0.0-0.6 units and in those treated with Na 2 -EDTA by 0.5-0.6 units. Because the changes were of the same magnitude in both treatments they can hardly explain the differences in the accumulation of soil elements in the shoots. Table 4 . They show that quite a marked decrease in NH 4 CI-P and NH 4 F-P had occurred during the period of growth. Also the NaOH soluble fraction tended to be reduced, although 
Discussion
The results obtained in the present study show that the Na 2 -EDTA treatment affected more the quality than the quantity of the yields. In two soils it markedly improved the phosphorus absorption by the plants. However, owing to the great variation between the replicates, it was not possible by means of the fractionation analysis quantitatively to explain the differences in the phosphorus supply between the water and Na 2 -EDTA treatments. Yet, it can be concluded that in the pots irrigated with water NH 4 F-P was relatively more effectively depleted than NaOH-P. On the contrary, the chelating compound seemed somewhat to intensify the mobilization of phosphorus in the NaOH soluble fraction supposed to be bound by iron. Nevertheless, the greater residual NH 4 F-P in the pots treated with Na 2 -EDTA does not necessarily evidence that the chelating agent would have reduced the availability of these reserves assumed to be bound by aluminium. An earlier study of HARTIKAINEN (1979) on Finnish mineral soils showed that some resorption of mobilized phosphorus into the NH 4 F soluble form can occur during the Na 2 -EDTA extraction. Moreover, the residual NH 4 F-P may include some phosphorus leached from the uppermost soil layers removed before the soil analyses.
The intensified phosphorus supply due to the addition of the complexant may partly be due to an increase in NH 4 F-P, in most soils found to be more available to plants than NaOH-P (e.g. MacKENZIE 1962) . Further, the ratio of secondary phosphates to sorptive compounds is supposed to be of primary significance in the phosphorus desorption in a given fraction (HARTIKAINEN 1979 (TIFFIN and BROWN 1959, 1961) . At high concentrations some metal chelates may, however, be absorbed by plants (HILL-GOTTINGHAM and LLOYD-JONES 1965, JEFFREYS and WALLACE 1968) .
An exceptionally high aluminium concentration and a markedly lowered ratio of phosphorus to aluminium in the last yield of the sandy clay soil (1) indicate that the reduced plant growth and the inefficiency of the Na 2 -EDTA solution to improve phosphorus uptake might be partly caused by an excess of aluminium. In the other soil samples of better phosphorus status the chelating agent was able to enhance the total phosphorus accumulation in the tops.
The mechanism of the aluminium toxity is suggested to be the inactivation of phosphorus especially in the roots. According to CLARKSON (1966) , aluminium inhibits the esterification of phosphate, a prerequisite for phosphate transport to tops. Further, it should be taken into account that the abnormal root development owing to the accumulation of aluminium in roots (CLARKSON 1966) may even physically restrict the phosphorus supply, because an adequate exploitation of soil (BALDWIN 1975 (1967, 1972) HUETT and MENARY (1979) , aluminium uptake is passive and the initial process involves exchanging calcium from free space. Some recent studies made by nutrient solutions show the uptake of these elements to decrease with increasing aluminium level (ALAM and ADAMS 1980, HUETT and MENARY 1980) .
The results of the present study are in accordance with the conception that under certain circumstances the complexation reactions may be of significance in improving the availability of soil phosphorus. The use of synthetic compounds for this purpose is, however, problematic, because the intensified phosphorus supply seems to be associated with the simultaneously increasing accumulation of metals, difficult to control. Further, the experiment supports the experience that the effect of fertilizer chelate used for the correction of some micronutrient deficiency can be uncertain. Other cations in the soil may displace the added metal and render it ineffective or even cause some inbalance in the nutrient ratios in plants. This problem may arise primarily in horticultural soils, chelate fertilizers being rather rarely used in agricultural soils. The influence of chelators, natural or synthetic, should be taken into account when metal polluted soils are cultivated.
On the basis of the experimental results, the suitability of Na 2 -EDTA solution for the determination of phosphorus reserves available to plants seems doubtful in Finnish soils. Obviously, the amounts extracted describe the resources possible to render available rather than reserves available per se.
